At the contact surface between the liquid metal and the mold wall a number of chemical and thermodynamical reactions were taken. The products of those reactions are spread out on both the sides, i.e., in the solidified metal or into the mold wall. The processes which took place in the casting mold ® here made from sand mix, during the pouring of liquid metal, solidification and cooling down to room temperature, are pretty complex.
Introduction
The process of castings forming is investigated mostly from chemical and/or thermodynamical point of view in the liquid metal system during solidification from the pouring to the room temperature. In this phase of casting formation a lot of chemical reactions may take place, while heat exchange between the liquid metal and the mold is very intensive. The casting formation is followed by many processes which have significant influence on the casting quality.
In consideration the interactions on the surface between a mold and a liquid metal, the following parameters should be included: primary metal (M), alloying elements (M 1 , M 2 +M i ), oxygen (O), smelting oxides of mold's material (RO) and temperature. Three types of chemical reactions can occur between the components in process on the mold surface:
The equilibrium of these reactions is determined by the occurrence at the liquid metal/mold interface.
The chemical reactions are to a great extent determined by thermodynamic laws. The heat of oxide formation gives an approximate value of metal (M 1,2,3 ) affinity to oxygen (O). It is known that the oxide formation is influenced by the metal concentration and the changes of oxides thermodynamic potential, indicating the possibility of reaction ongoing, the direction of reaction, stability of formed components, etc. The more negative standard Gibbs energy of oxide formation, the greater the affinity of metal oxide formation and the formed oxide is more stable.
The change of standard Gibbs energy 24) of a particular material is determined by the following equation:
where: "H and "S are the changes of standard enthalpy and entropy, respectively, during the formation of a compound at temperature T.
For the small differences between the heats of oxides formation, the standard Gibbs energy for all the components should be used. So, even if a small quantity of a constituent from the sand mold mixture is present, its oxide will appear at the surface layer when this constituent's affinity to oxygen is high enough.
Metal oxidation (eqs. (5), (6)) in the mold occurs during the liquid metal and oxygen contact, but also after melt solidification.
2) The composition of gas-phase in contact with solidified metal, depending on the mold mixture composition, can vary in a wide range in terms of CO, CO 2 Carbon (IV)oxide can be produced and consumed according to reactions (7, 8, 9) .
Oxidation of CO to CO 2 :
Gasification of carbon:
The possible reaction of oxidation:
At the same time, the hydrogen content can arise in the gas phase up to 60% or more.
3) It reacts forming other gasses. Hydrogen can be produced and consumed during processes shown in reactions (eqs. (10)(14)).
Reaction of CO 2 with hydrogen
Reaction of carbon with steam: Matveev and coauthors 5) provided the thermodynamical analyses of chemical reactions probability between metals, as well as between different metals with orthosilicates in the temperature interval 10001600 K. They have started from the wide known equation:
They found that the heat of formation at 1000 K is on the level of ¹16 kJ/mol for sillimanite, but at 1600 K, the heat of formation is on the level of ¹17,6 kJ/mol. The thermodynamic analysis has also shown that aluminum easily reacts with FeO at 1000 K (¹638 kJ/mol) and may also react with silicates of the following metals: Ni, Co, Fe, Mn, Pb, Li and Na. 
Experimental Procedure
For investigation of chemical and thermodynamical changes at the contact surface of liquid metal/sand mold, the steel 50CrMo4 (according to DIN standard) from an ordinary production program of a steel foundry was used.
Experimental casts were cylindrical in shape, with diameter of 0.038 m and length of 0.060 m. Casting temperature was in the range of 18531873 K, with initial temperature of the mold and its external surface equal to the environment temperature (³20 K).
The experiments were conducted in molds made according to CO 2 procedure. Mold mixture consisted of about 90% quartz sand, 6% water-glass, 0.1% sodium (I)sulfate and remainder up to 100% of active components.
Oxides of titanium and magnesium, TiO 2 and MgO, were used as active components which transfer binary system Na 2 OSiO 2 , into ternary system Na 2 O SiO 2 M x O y with higher viscosity and surface tension. We also used sulfates of aluminum, sodium and potassium, where sodium sulfate was constantly present component in the mold mixture and aluminum sulfate and aluminumpotassium sulfate were added as active components. Due to thermal effects in the mold during processes of casting, solidification and cooling down of a cast, these active components dissociate releasing gassy reaction products and steam from chemically bonded moisture, which additionally affects oxidation of metal fibrils and thereby formation of new compounds in contact zone of metal and mold.
Results and Discussion
Segment of the mold with visible changes in mold mixture occurred due to its reaction with metal, as well as non-reacted part of the mold mixture are given in Fig. 1 .
11) The corresponding changes, depending on temperature, occurred in the first three zones, while the fourth layer remained unchanged.
The measurements of the zones width are given in Table 1 . The first dark colored zone is a region of penetration of liquid metal into the mold pores. This zone is formed just after the liquid metal pouring into the mold cavity, and the penetration of liquid metal is pretty intensive into the pores of sand mold mix. In fact, this leads to intensive reaction through the entire interface, so the consequence will be the maximal speed of reaction layer formation. Since processes on metal-mold contact surface directly depend on the mold temperature, the penetration of liquid phase into the mold pores will be more intense with the increase of temperature. Consequently, the process of liquid phase chemical interaction will be shifted in the mold depth.
In the second, light colored zone, the change of ¡-quartz into the ¢-quartz occurred. The third grey zone is the area of small changes. The fourth zone is a layer of unchanged mold mixture with unchanged compounds and properties.
The temperature measuring at the cross-section of the mold with the addition of MgO + TiO 2 + AlK(SO 4 ) 2 started from the contact surface (0 mm), and further at distances at 1, 2, 3, 5, 10, 15, 20 and 25 mm from the contact surface to the core of mold. This measuring shows the temperature distribution into the mold depth with elapsed time, Fig. 2 .
At those temperatures, the dehydration will took place, as well as the oxides and new minerals formation, 12) as could be seen from Fig. 3 .
The formation of new products, as a result of mutual activity at the contact surface liquid metal/sand mold mixture is determined by kinetics and temperatures distribution. The consequence of both, the oxidation of elements and the formation of silicates is determined by element's concentration and the change of thermodynamic potential of oxides and silicates formation, which give the reaction probability, reaction direction and the stability of formed product.
The more negative value of the Gibbs energy of a compound formation, the reaction product will be a new mineral, pretty stable one.
The rate of new products formation, either oxide or silicate type, is depending on the oxygen presence. The oxygen is present in the surrounding atmosphere, penetrated into sand mix pores, but also it may originate from another gas. The oxygen from chemical stable compounds would not have any remarkable influence on the formation of new oxides or silicates.
During the casting forming, in the period after pouring a mold, the temperatures fall rapidly. Even when the metal is crystallized, in the period when the metal is at solid state but still pretty hot, the intensive reactions also are possible. Both, oxides and/or silicates at the contact surface could be formed. Then, the potential reactions will be:
FeO þ TiO 2 ! FeOÁTiO 2 ð33Þ
The equations of Gibbs energy as a function of temperature are calculated and are presented in eqs. (36)(55) for every reaction (16)(35):
ð21Þ:
ð23Þ: ÁG T ¼ À693337; 2 À 296; 7T ln T À 24; 6 Â 10 ð28Þ: 
ð34Þ:
ð35Þ: ÁG T ¼ À946310 À 10T ln T þ 6; 6 Â 10 À3 T 2 À 1; 23 Â 10 À5 T À1 À 30; 3T ð55Þ
The eqs. (36)(55) are an analytical expression of the dependence ¦G = f(T), and the cumulative graph is shown in Fig. 4 .
Conclusions
(1) The composition of reaction melt is complex, based on silicon, iron, manganese and potassium. It is mainly consisted of glassy phase with the occurrence of fayalite, wustite, spinel and a smaller share of other minerals.
(2) Reactions (16), (18), (20), (21), (22), (23), (24), (27), (28), (31), (33), (34) and (35) have negative values of Gibbs energy in related temperature interval, so they are thermodynamically possible and they will take place.
(3) Reaction (19) has the negative value of Gibbs energy at temperature of 778 K, reaction (24) at 1216 K, reaction (25) at 1200 K, reaction (26) at 1372 K, reaction (29) at 873 K, reaction (30) at 643 K and reaction (32) at 823 K. These facts show that the reactions are possible at temperatures higher than listed, while those reactions will be impossible at lower temperatures. The lowest temperature values at which the reactions are possible can be determined by graphic extrapolation.
(4) The processes rate depends on kinetic conditions and it is the subject of other investigations, since the thermodynamics does not take it into account.
